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Abstract 
  The impacts of stream disturbance caused by pleasured boat, and differences in seasonality on benthic 
macroinvertebrate communities, were evaluated in Lijiang River, China, October 2009 and April 2010. The 
environmental characteristic differed significantly between affected conditions and unaffected conditions. In wet 
period, the water temperature, conductivity and salinity after disturbance was significantly (p<0.01) lower than those 
without disturbance from pleasure-boat, the dissolved oxygen, pH, turbidity, velocity and total phosphorus had the 
opposite trend. In dry period, the water temperature after disturbance was significantly (p<0.01) higher than the 
water temperature without disturbance from pleasure-boat, the conductivity, salinity and COD had the opposite 
trend. In addition, the macroinvertebrate density, biomass and functional feeding groups differed between affected 
conditions and unaffected conditions. 
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1 Introduction
Tourism plays an important role in a country’s economic development and there are urgent needs to study the 
impacts on the river ecosystem [1]. Macroinvertebrates are excellent indicators because (1) they are widely 
distributed, (2) they are relatively easy to sample qualitatively or semi-quantitatively [2-3], (3) they are responsive to 
multiple types of stressors including water pollution, agriculture and sediment [4-6].
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Many studies investigated the pollution of water ecological system caused by tourism [7]. However, relatively few 
studies have investigated the effect of disturbance on water ecological system. Previous studies have showed that the 
disturbance increased sedimentation and decreased habitat availability, bed stability, benthic organic matter [8].
Previous studies have also showed that macroinvertebrate density, biomass, and diversity reduced because of 
increased sedimentation [9]. But few studies have considered seasonal differences.  
Our objectives were to (1) evaluate the changes of environmental characteristics and Macroinvertebrate 
community structure caused by pleasured boat both dry period and wet period. (2) assess the correlations between 
environmental characteristics and macroinvertebrate community. 
2 Material and Methods 
x 2.1 Study area 
The Lijiang River is the world famous scenery of landscapeˈwhich is located in the South-west of China (23e
23ĄNü25e59Ą, 110e18ĄEü111e18ĄE). It originates from the Mao’er Mountain and flows from the north 
to south crossing through Guilin, Yangshuo and Pingle cities. The main stream of the Lijiang River is 214km long, 
and the total basin area is 12285km2.The Lijiang River basin belongs to subtropical humid monsoon climate zone, 
with average annual temperatures of 19.1ć. The high flow period runs from March to Augustˈand the rainfall 
accounted for 76% of the year. 
This study was conducted in two river stretches (Fig.1), affected section (from Xiachetou to Ming village), which 
have a cruise all the year; unaffected section (from Chetouzha to Liugong village). Every day, from 6 PM-10 PM 
and 4 AM-6 AM, the pleasured boat across the affected section. 
Fig. 1 The study area in the Lijiang River 
x 2.2 Sampling and laboratory procedures 
Hydro-environmental parameters were measured at each site. Water temperature (ć), conductivity (mS/cm), 
salinity, turbidity (NTU), dissolved oxygen (mg/L), and pH were measured by a portable YSI (YSI 6600). Water 
depth (cm) was measured with a wading rod and flow velocity (m/s) was measured near the bed using a hydrometric 
propeller. Water samples were collected at the position about 10-15cm above the bed at each site, and were 
conserved with 500ml polyethylene bottle. In the laboratory, the total nitrogen (mg/L) and total phosphorus (mg/L) 
were determined by UV spectro-photometer. The chemical oxygen demand (COD, mg/L) was analyzed by 
potassium dichromate colorimetric method. 
Macroinvertebrates were sampled both unaffected section and affected section in the wetperiod(April 2010) and 
dry period(October 2009).The sampled materials were sieved with a 500 mm mesh sieve in the fieldˈthus only the 
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specimens whose radius is larger than 250 mm was examined. The specimens were manually sorted from sediment 
on a porcelain plate and conserved in 100 ml plastic bottles with 5% form- aldehyde solution. In the laboratoryˈall
macroinvertebrate were examined under stereomicroscope(10h75)and identified to the lowest taxonomic level. All 
taxa were assigned to functional feeding groups (shreddersˈcollector-gathersˈcollector-filtersˈscrapers and 
predators) [10-11].
x 2.3. Statistical analysis 
Spatial differences in the values of the physical and chemical variables were examined using one-way ANOVA. 
Community responses of macroinvertebrates to water quality stress gradients, were assessed using by nonparametric 
correlation (Spearman Rank Correlation Coefficient). 
3 Result 
x 3.1 Environmental characteristics 
Comparing environmental factors between unaffected conditions and affected conditions, I found not significant 
change except water temperature, conductivity, salinity, COD (Table 1) in dry period. The water temperature after 
disturbance was significantly (p<0.01) higher than the water temperature without disturbance from pleasure-boat, 
the conductivity, salinity and COD after disturbance was significantly (p<0.01) lower than those without disturbance 
from pleasure-boat. However in wet period, hydro-environmental factors had a significant change except water 
depth, total phosphorus and COD (Table 1), the water temperature, conductivity and salinity after disturbance was 
significantly (p<0.01) lower than those without disturbance from pleasure-boat, The dissolved oxygen, pH, turbidity, 
velocity and total phosphorus after disturbance was significantly (p<0.01) higher than those without disturbance 
from pleasure-boat. 
Table1 Environmental characteristics of water in the unaffected conditions and affected conditions (Mean±SD) 
Factors
Dry period Wet period 
Unaffected conditions Affected conditions Unaffected conditions Affected conditions 
Water temperatureムćメ 29.69±1.44a 30.87±1.43b 18.84±0.5a 17.53±0.99b 
ConductivityムmS/cmメ 0.208±0.009a 0.191±0.007b 0.25±0.01a 0.17±0.06b 
Salinityム‰メ 0.098±0.004a 0.089±0.003b 0.13a 0.09±0.03b 
Dissolved oxygenムmg/Lメ 9.54±1.91a 10.04±1.4a 11.66±1.67a 8.6±1.19 b 
pH 7.2±0.29a 7.16±0.386a 6.89±0.1a 6.98±0.10 b 
TurbidityムNTUメ 6.9±0.38a 6.84±0.36a 7.37±0.45a 10.89±1.67 b 
Velocityムm/sメ 0.32±0.3a 0.25±0.19a 0.17±0.26a 0.62±0.54b 
Water depthムcmメ 52.76±33.8a 58.89±26.15a 196.8±141.8a 148.39±81a 
Total nitrogenムmg/Lメ 0.85±0.11a 0.82±0.154a 1.66±0.2a 2.51±0.45b 
Total phosphorusムmg/Lメ 0.1±0.027a 0.097±0.027a 0.16±0.09a 0.14±0.05a 
CODムmg/Lメ 1.89±0.52a 1.62±0.32b 1.82±0.3a 2.03±0.39a 
x 3.2 Macroinvertebrate community structure and composition 
In the dry period, the mean density of most insect (Heptageniidae, Ephemerellidae, Hydropsychidae) were higher 
under affected conditions(Table 2), the mean density of most gastropod(Viviparus, Cipangopaludina chinensis,
Radix swinhoei) except for Bellamya purificata were lower under affected conditions(Table 2), the Corbicula 
fluminea was lower under affected conditions(Table 2). In wet period, the mean density of most insect 
(Heptageniidae, Ephemerellidae, Hydropsychidae, Caenidae, Potamanthidae) were higher under affected 
conditions(Table 2), however Chironomidae was lower under affected conditions(Table 2); Cipangopaludina 
chinensis has a decrease under affected conditions(Table 2), Radix auricularia has a increase under affected 
condition(Table 2); Corbicula fluminea was higher under affected conditions(Table 2). 
According to the cv (Coefficient of variation)ˈ the cv of EPT density (Hetageniidae, Ephemerellidae and 
Hydropsychidae) was higher in unaffected conditions when compared to affected conditons in dry periodˈhowever 
the cv of gastropoda (except Bellamya purificata) had the opposite trend in dry period, the cv of Corbicula fluminea 
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was lower in affected conditions compared to unaffected conditions in dry period. In addition, in wet period, the cv 
of EPT density had a certain increase in affected conditions except caenidae. 
Table 2 Abundance (Mean±SD) and biomass(Mean±SD)of dominant macroinvertebrate species (individuals per m2) collected in dry (October
2009) and wet (April 2010) periods both affected condition and unaffected condition 
  Dry period Wet period Functional 
Feeding
groups 
  Unaffected 
conditions 
Affected 
conditions 
Unaffected 
conditions 
Affected 
conditions 
Insecta       
Heptageniidae 
Density 36(1.5) 64(1.38) 47(1.51) 127(2.18) 
scr
Biomass 0.21(1.72) 0.23(2.21) 0.25(1.82) 0.33(2.18) 
Ephemerellidae 
Density 5(2.59) 49(2.05) 12(2.1) 28(2.6) 
c-g
Biomass 0.03(2.76) 1.46(5.97) 0.06(2.47) 0.22(2.65) 
Ephemera 
Density   8(2.9) 8(2.18) 
c-g
Biomass   0.14(3.04) 0.26(2.4) 
Caenidae 
Density   39(1.9) 54(1.4) 
c-g
Biomass   1.39(2.22) 2.29(1.67) 
Potamanthidae 
Density   20(1.8) 35(2.8) 
c-g
Biomass   0.15(2.62) 0.3(3) 
Caenagrion 
Density     
prd 
Biomass     
Hydropsychidae 
Density 96(2.42) 140(1.69) 31(1.45) 51(3.73) 
c-f 
Biomass 1.36(2.9) 1.35(4.44) 0.46(2.54) 1.12(4.72) 
Chironomidae 
Density   98(1.8) 21(4.7) 
c-g
Biomass   0.08(1.98) 0.02(4.68) 
Gastropoda       
Viviparus 
Density 4(2.88) 2(3.24)   
scr
Biomass 6.2(2.87) 2.05(3.7)   
Cipangopaludina chinensis 
Density 8(3.08) 2(3.89) 157(2) 33(2.57) 
scr
Biomass 6.6(2.8) 5.2(5.27) 8.16(2.04) 11.7(2.4) 
Radix auricularia 
Density   27(2.06) 78(1.37) 
scr
Biomass   1.02(2.12) 5.05(1.28) 
Radix swinhoei 
Density 23(2.28) 7(2.79)   
scr
Biomass 1.6(2.6) 0.45(2.38)   
Bellamya aeruginosa 
Density   11(3.38) 18(3.6) 
scr
Biomass   3.95(3.12) 5.84(3.47) 
Bellamya purificata 
Density 4(2.6) 36(1.7)   scr 
Biomass 2.02(3.44) 8.14(1.85)   
Semisulcospira amurensis 
Density 415(0.85) 413(0.81) 293(1.59) 293(0.94) 
scr
Biomass 125.6(0.88) 115.6(0.91) 100.1(1.54) 123(1.08) 
Lamellibranchia       
Corbicula fluminea 
Density 172(2.04) 81(1.36) 59(2.46) 123(1.06) 
c-f 
Biomass 69.7(2.12) 33.6(1.53) 17.6(3.48) 22(1.36) 
Limnoperna lacustris 
Density   10(2.4) 20(5.8) 
c-f 
Biomass   2.68(3.17) 3.49(6.77) 
Hirudinea        
Glossiphonia complanata 
Density   29(2.4) 36(1.7) 
prd 
Biomass   0.65(3.01) 0.63(1.92) 
Whitnania pigra 
Density     
prd 
Biomass     
Oligochaeta       
Limnodrilus hoffmeisteri 
claparede 
Density   20(3.2) 21(1.5) 
c-g
Biomass   0.13(3.52) 2.18(2.8) 
Tubifex sinicus 
Density     
c-g
Biomass     
Crustacea       
Caridina 
Density  2(4.78) 9(2.3) 10(2.74) 
c-g
Biomass  0.11(5.27) 0.84(2.08) 1.13(2.66) 
251 Yuqing Lin et al. /  Procedia Engineering  154 ( 2016 )  247 – 251 
4 Discussion 
Salinity has long been considered an important factor in determining macroinvertebrate assemblage in lotic 
systems. Previous studies have showed that electrical conductivity (EC) had a positive relationship with salinity [12],
EPT and gastropod were usually chosen as indicators of impacts of EC because they were suspected to be affected. 
In our study, EPT density was higher after disturbance both wet period and dry period, but the gastropod density has 
opposite trend (Table 2). pH was another  important factor affect the maroinvertebrate distribution ,studies have 
showed that gastropod were not suitable for living in an acidic water body, but the alkaline had no influence. In our 
study, the water body was weak acid in wet period but weak alkaline in dry period, the dominant species 
(Semisulcospira amurensis) was lower in wet period. Chironomidae was sensitive to environmental changes, 
relatively stable water environment was more suitable for chironomidae breedingˈin our study, the chironomidae 
density was lower after disturbance (Table 2). 
According to the theory of spatial heterogeneity, the more heterogeneous and complex the physical and chemical 
environment is, the more complex and diverse its fauna is. In wet period, the cv of EPT density had a certain 
increase in affected conditions except caenidae (Table 2). The cv of EPT density (Hetageniidae, Ephemerellidae and 
Hydropsychidae) was higher in unaffected conditions when compared to affected conditions in dry period, however 
the cv of gastropoda (except Bellamya purificata) had the opposite trend in dry period, the cv of Corbicula fluminea
was lower in affected conditions compared to unaffected conditions in dry period. Previous studies showed that 
collectors mainly fed on fine particulate organic matter (FPOM), thus the decomposition rates from coarse 
particulate organic matter (CPOM) to fine particulate organic matter largely determined the abundance of collectors 
[11,13].Disturbance can promote sediment resuspension, according to the fig.2, the cf density has a certain increase. 
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